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[57] Abstract: 
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Specification 



CYCLOHEXANOL DERIVATIVE, AGENT AND COMPOSITION CONTAINING THE 
SAME FOR IMPARTING PLEASANTLY COOL FEELING, PROCESS AND 
INTERMEDIATE FOR PRODUCING THE DERIVATIVE 

Technical Field 

The present invention relates to a novel cyclohexanol derivative with a cooling effect and to 
a physiological cooling agent and physiological cooling composition containing said derivative. 
Further, the invention relates to a method for manufacturing said cyclohexanol derivative and to a 
novel benzylcyclohexyl ethyl derivative. 

Known prior art chemical compounds with physiological cooling (coolant) action on the skin 
and nasal mucosae, ie, the so-called cooling effect, were oil of mint and L-menthol, the chief 
constituent thereof. They were added as aromas to food materials, beverages, toothpastes and tobacco 
and as cooling agents (coolants) to various cosmetic products and agents of topical application. 

Thus, although L-menthol has a satisfactory cooling effect, it is prone to crystallization, and 
when used in some compositions, particularly when combined with poultices and tapes, it has the 
disadvantage that it crystallizes in the base, reducing the release of the medication and dictating the 
addition of additional solvent. Further, as is generally known, L-menthol has a strong odor which 
results in a loss of the elegant scent of cosmetic products with which it is combined. 

L-Menthol is not entirely acceptable because it sublimes, and its characteristic mint odor 
spreads over a wide area even in small quantities, irritating the eyes and nasal mucosae and creating 
unfavorable environmental conditions in manufacturing industries that process L-menthol. Further, 
concerns have also recently been voiced by consumers using the products as well, because the mint 
odor tends to be offensive. Further, (he sublimation tendency caused difficulties in maintaining the 
stability of products. 

Recently, numerous patent applications have appeared concerning L-menthol derivatives and 
related compounds intended for odor attenuation. For example, Tokkai 1972-16647, Tokkai 1972- 
16649, Tokkai 1983-88334, Tokkai 1986-194049 and Tokkai 1990-290827 relate to menthol 
derivatives, while Tokkai 1983-93454, Tokkai 1983-95194 relate to tricyclic alcohols, and Tokkai 
1985-136544 relates to tricyclic amides with cooling effects. However, while affording improvements 
in terms of odor, these substances were far inferior to L-menthol in the strength of their cooling 
effect. Hence, while physiological cooling agents other than L-menthol produced a good cooling 
effect in the oral mucosae, they had inadequate cooling action on the skin. 

Thus, prior-art product formulations containing the aforementioned L-menthol and related 
products for use as cosmetics and medications are not completely adequate products because of 
drawbacks related to various aspects: 1) physiological cooling effect, 2) durability of cooling effect, 

3) peculiar odor (mint odor), 4) instability in the product, 5) solubility. 

Thus, the goal of the invention is to devise a cooling compound and physiological cooling 
composition containing it, characterized by the fact that it has the following useful attributes: 1) 
affords an adequate cooling effect, 2) has no mint odor, 3) does not sublime at ordinary temperatures, 

4) does not crystallize in the base, and 5) has good solubility in various bases, when used to develop 
various products such as cosmetics for oral and topical use and medications for Oral use. 

Disclosure 

The inventors conducted intensive research to achieve this goal and discovered that the novel 
cyclohexanol derivative with the above-listed structural formula has a physiological cooling action 
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equivalent to that of L-menthol, with adequate action on both the oral mucosae and the skin, but has 
the superior property of almost completely lacking the odor of L-menthol and oil of mint. The 
invention is based on this discovery. 

Thus, the cyclohexanol derivative has the following general formula (1) 



OH (1) 



where R is a linear or branched alkyl with a carbon number of 1-5. 

The above inventive cyclohexanol derivative is the compound described at the end of this 
document, which was first discovered by the present inventors. Its formal name is 2-(2-alkoxy-l- 
methyl ethyl)-5-methylcycIohexanol. This compound includes several stereoisomers, all of which have 
strong cooling action and almost no odor. The cyclohexanol derivative (lR,2S,5R,8R)-2-(2-alkoxy-l- 
methyl ethyl)-5-methylcyclohexanol represented by the following formula (la) 




where R is a linear or branched alkyl with a carbon number of 1-5, is desirable with regard to the 
durability of the cooling action. 

Examples of linear or branched alkyls with carbon numbers of 1-5 as represented by R in the 
above general formulas (1) and (la) are methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec- 
butyl, tert-butyl, n-pentyl, isopentyl, sec-pentyl, tert-pentyl and neopentyl; methyl, ethyl, isopropyl, 
tert-butyl, although n-pentyl is preferred, and methyl is particularly preferred. 

Inventive physiological cooling agents and physiological cooling compositions are described 
in the following. 

The inventive physiological cooling agent contains the cyclohexanol derivative represented by 
the above general formula (1). Thus, because the inventive cyclohexanol derivative has a 
physiological cooling action itself, it can be used alone or in combination with other known cooling 
agents as a physiological cooling agent. Further, any of the various stereoisomers of the above- 
represented cyclohexanol derivative can be used singly or in combination with others, although the 
cyclohexanol derivative represented by the above general formula (la) is preferred. 

Thus, many applications may be contemplated for the inventive cyclohexanol derivative as a 
physiological cooling agent, for example, in pharmaceuticals, non-pharmaceuticals, foods and 
cosmetics, and various physiological cooling compositions containing this derivative can thus be 
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obtained thanks to the invention. Thus, the inventive physiological cooling composition is a product 
containing the cyclohexanol derivative represented in the above general formula (1). 

Hence, the inventive physiological cooling agent can be used specifically in a cooling 
composition to confer a cooling effect by adding it to: 1) pharmaceuticals such as ointments, creams, 
gels, lotions, ready-made dressings, tapes and internal medications; 2) cosmetics such <&s powders, hair y^' 
tonic, shampoo and lipstick; 3) oral hygiene products such as toothpaste; and 4; food products such , y 
as chuwing gum, candy, frozen desserts and soft drinks. 

TTfiHHgVeaSents used other than the inventive physiological cooling composition are not 
particularly limited. Known bases, active principles and the like can be combined with it by 
appropriate processes. Further, preservatives, antioxidants, scents, pigments or surfactants can be 
combined with the inventive physiological cooling composition as long as they do not impair the 
above-described cyclohexanol derivative's physiological cooling effect. When the inventive 
physiological cooling composition is used in various products such as pharmaceuticals and cosmetics, 
known medications can be appropriately added as pharmaceutical^ active constituents. 

Although the content of the above-specified cyclohexanol derivative in the inventive 
physiological cooling composition is not particularly limited, it is preferably used in the range of 
0.001-10 wt%. 

Because the inventive cyclohexanol derivative is superior in alt of the above-listed features 1-5, 
both the inventive physiological cooling agents and physiological cooling compositions containing this 
derivative have virtually no mint odor and a satisfactory cooling action on the skin together with a 
durable action with rapid onset of said action. 

The method for manufacturing the inventive cyclohexanol derivative is explained 
following. The inventive cyclohexanol derivative can be synthesized, for example, from isopreg )1 
starting material according to the following reaction formula: 




where R is a linear or branched alkyl with a carbon number of 1-5. 
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Thus, isopregol (2) and sodium borate were dissolved in a solvent such as diethyl ether, 
tetrahydrofuran or diglyme, and trifluoroboroethylate was added drop wise. After 1-2 hr, water was 
added to this mixture, followed by sodium hydroxide solution and aqueous hydrogen peroxide 
solution, and the mixture was thoroughly stirred. The reaction mixture obtained was extracted, for 
example, with ether, and the solvent was distilled off to obtain the diol (7). 

Next, the targeted cyclohexanol derivative (1) is obtained by dissolving diol (7) in a solvent 
such as dimethylformamide, dimethyl sulfoxide, dimethoxyethane or tetrahydrofuran and subsequently 
adding a base such as sodium hydride, silver oxide, barium oxide, sodium hydroxide, triethylamine, 
calcium carbonate or sodium amine, after which the corresponding halogenated alkyl is added 
dropwise in an equimolar amount and the system is reacted over a time ranging from several hours 
to several tens of hours at a temperature ranging from -10 to 100°C. 

The inventive cyclohexanol derivative can be obtained either as a mixture of various 
stereoisomers or as a single stereoisomer by procedures such as column separation or by choice of 
starting materials to get an appropriate combination. 

However, methods like column separation are time-consuming and not desired as industrial 
methods, and the inventors therefore created a novel, efficient manufacturing method for selectively 
obtaining (1R, 2S, 5R, 8R)-2-(2-alkoxy-l -methyl ethyl)-5-methylcyclohexanol represented by the 
above general formula (la), which is a particularly desirable inventive cyclohexanol derivative. 

To do so, the inventors conducted intensive research aimed at devising a method of 
synthesizing the cyclohexanol derivative represented by the above general formula (la) in an 
industrially advantageous manner and discovered that the above-specified derivative could be 
manufactured highly efficiently and cheaply in high purity from starting material consisting of (-)- 
isopregol by using a specific reaction process. 

The inventive method for manufacturing the cyclohexanol derivative of general formula (la) 
is described in the following. 

The reaction in the inventive method is represented by the following reaction scheme. 




(2a) 



(3a) 




(la) 



OR 



'OH 



+ 




(4b) 
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where R is a linear or branched alkyl with a carbon number of 1-5. 

Thus, a salt is first formed by reacting (-)-isopregol (2a) and metallic sodium or sodium 
hydride in a benzenic solvent such as triene or xylene and reacting for 3-24 hr at ambient temperature. 
A halogenated benzyl compound such as benzyl chloride or benzyl bromide is then added dropwise 
while heating. After this addition, the system is left standing for 1-12 hr at room temperature to 
complete the reaction. After the reaction solution is cooled, water is mixed with it and the organic 
phase is separated, after which the solvent is drained and vacuumed off to obtain Compound (3a). 
During this reaction, the above-specified solvent is used in an amount 1-10 times that of the (-)- 
isopregol, by weight. Further, the amounts of metallic sodium or sodium hydride and of the 
halogenated benzyl are each preferably 1-2 times the molar quantities of (-)-isopregol. 

Compound (3a) obtained in this way can be transformed to Compounds (4a,b) by a 
hydroboration-hydrogen peroxide oxidation reaction under conditions well-known to those skilled in 
the art. Thus, a B-H bond is added to the inner olefin of Compound (3a) by use of diborane (for 
example, in the form of a diborane-THF complex or diborane-methyl sulfate complex), 
diisopinocamphenyl, 9-borabicyclo-(3.3.1)-nonane (9-BBN), dithiamyl borane, etc), and oxidation is 
done with hydrogen peroxide to obtain the novel target compound (4a,b) in a high yield. 

Preferably, the diborane is formed inside or outside the system by reacting sodium borohydride 
and any of certain acids (for example, boron trifluoride etherate, aluminum chloride, sulfuric acid or 
dimethyl sulfate) and an organic solvent chosen from among THF, diethyl ether and dimethoxyethane. 
Thus, Compound (3a) is advantageously dissolved in a 0.5— 20-fold, more preferably 1— 10-fold 
amount, by weight, of organic solvent (preferably tetrahydrofuran), and, inside or outside the 
[reaction] system, a preferably 1 — 1,5-fold molar quantity of sodium hydroboride as against 
Compound (3a), and a preferably 1 — 1.5-fold molar quantity of the acid, as against the sodium 
hydroboride, is used to form the diborane. Stirring is continued with a temperature not to exceed 
40 °C inside the vessel, and thorough stirring is done for another 1-3 hr after the diborane is formed. 
Subsequently, an aqueous solution of 3 M of sodium hydroxide, preferably in a 1— 2-fold quantity 
by weight as against Compound (3a), is added to the reaction system, and an equal amount of 30% 
hydrogen peroxide is gradually added dropwise with the temperature in the reaction vessel controlled 
so as not to exceed 40° C. After the dropwise addition was completed, the reaction liquid was stirred 
at room temperature for 0.5-3 hr and the organic phase was separated. The reaction product was then 
extracted from the aqueous phase with tetrahydrofuran, and added to the previously separated organic 
phase. After the organic phase was dried, the solvent was distilled off to obtain a mixture of 
crystalline Compound (4a) and liquid Compound (4b). 

In the above-described reaction, the formation of Compound (4a) takes precedence over that 
of Compound (4b), and while Compound (4a) is crystallized, Compound (4b) remains in liquid form, 
so Compound (4a) can be readily obtained alone by rinsing with a solvent such as hexane in which 
it does not dissolve. 

Compound (4a) is derivatized to Compound (5a) by an alkylating agent, for example, a 
methylating agent, in the presence of an organic solvent. As the organic solvent one can use, for 
example, N,N-dimethylformamide, dimethyl sulfate, tetrahydrofuran, dioxane or dimethoxyethane, 
preferably in a 1 — 20-fold, more preferably 2 — 10-fold, quantity, by weight, as against Compound 
(4a). Further, while sodium hydride, potassium tert-butoxide and the like can be used as the base, 
any base that promotes alkylation may be used. Alkylating agents that may be used include alkyl 
iodides, alkyl chlorides, aromatic alkyls and dialkyl sulfate, which are preferably used in 1— 2-fold 
molar quantities as against Compound (4a). After the reaction is completed, the reaction product is 
neutralized by pouring it into water, then extracted with a suitable solvent, and the layer of organic 
phase is rinsed with water, dried, then concentrated to obtain novel Compound (5a) represented at the 
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end of this document. Further, Compound (5a) may also be refined as desired, for example, by 
vacuum distillation or column chromatography. 

The reaction leading from Compound (5a) to Compound (la) produces the inventive 
cyclohexanol derivative represented by General Formula (la) using debenzylating agents of the 
palladium-carbon type as a catalyst for catalytic hydrogenation (debenzylation) of Compound (5a) 
using an acid such as sulfuric, hydrochloric, acetic or perchloric acid as a promoter in a solvent such 
as ethanol, methanol, acetic acid, dioxane or cyclohexane. The solvent is preferably used in a 1 — 20- 
fold, more preferably 2 — 5-fold quantity by weight as against Compound (5a). The concentration of 
the acid used is preferably in the range of 0.1-2 N, below which the reaction tends to proceed too 
slowly, and above which side reactions readily occur in addition to the targeted reaction. The 
debenzylating agent is preferably used in a 1 — 10-fold quantity by weight as against Compound (5a). 
The reaction may be conducted at ambient pressure, but preferably at a pressure of 2-5 kg/cm 2 . 

The inventors discovered that the compounds represented by the above formulas (4a) and (5a) 
are effective novel intermediates in the manufacture of the cyclohexanol derivatives represented by 
General Formula (la) by the above-described inventive method. Thus, the inventive additionally 
relates to an intermediate for manufacturing cyclohexanol derivatives. An inventive novel benzyl 
cyclohexyl ether derivative is described as follows. 

The inventive benzyl cyclohexyl ether derivative is represented by the following general 
formula (6a) 



where X is H or a linear or branched alkyl with a carbon number of 1-5. 

In the above general formula (6a), X is either hydrogen or an alkyl group identical with R in 
the above general formula (1). The compound in which X is hydrogen corresponds to the above- 
described compound (4a), while the compound in which X is an alkyl corresponds to the above- 
described compound (5a). As stated above, the inventive benzyl cyclohexyl ether derivative is 
extremely useful as an intermediate in the industrially efficient manufacture of the inventive 
cyclohexanol derivative represented by General Formula (la). 

Preferred Embodiments of the Invention 

The invention is described in detail in the following on the basis of embodiments but is not 
limited thereto. 

Reference Example 1. Synthesis of (lR,2S,5R)-2-(2-Hydroxy-l-Methyl Ethyl)-5- 
Methylcyclohexanol 

In a 1 L 3-necked flask equipped with a cooling coil, a dropping funnel, a thermometer and 
a magnetic stirrer, 5. 1 g (0. 13 mol) of sodium borohydride, 700 mL of diglyme and 50.0 g (0.32 mol) 
of (-)-isopregol were introduced. In a water bath, 23.0 mL (0.18 mol) of boron trifluoride was added 
and the contents were stirred for 15 min (to form a precipitate). After stirring the contents for an 




(6a) 
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additional hour, the excess hydroxide was dissolved in 50 mL of water. In a 30-50°C water bath, 40 
mL of 3 M aqueous sodium hydroxide solution was added to the organic borane produced by the 
above-described reaction, after which 40 mL of a 30% hydrogen peroxide solution was added, and 
the system was thoroughly stirred for 30 min. The reaction product was extracted from the above- 
described reaction solution with 1 L of ether and the diglyme was removed by washing 5 times with 
1 L each of cold water. After this ether phase was dried with anhydrous magnesium sulfate, 45.0 g 
(80.8% yield) of (lR,2S,5R,8R)-2-(2-hydroxy-l-methyl ethyl)-5-methylcyc!ohexanol was obtained in 
the form of white crystals by distilling off the solvent (see Helv. Chim. Acta., 50 (21), 153 (1967)). 

Reference Example 2. Synthesis of (lR,2S,5R,8R)-2-(2-Hydroxy-l-Methyl Ethyl)-5- 
Methylcyclohexanol 

30.0 g of the compound obtained in Reference Example 1 was column-separated using a 1:1 
solution of chloroform: ethyl acetate, and the solvent was then distilled off to obtain 24.7 g (82.3% 
yield) (lR,2S,5R,8R)-2-(2-hydroxy-l -methyl ethyl)-5-methylcyclohexanol in the form of white 
crystals. 

Embodiment 1. Synthesis of (lR,2S,5R)-2-(2-Methoxy-l-Methyl Ethyl)-5-Methylcyclohexanol 

20.0 g (0.12 mol) of the (lR,2S,5R)-2-(2-hydroxy-l-methyl ethyl)-5-methylcyclohexanol 
obtained in Reference Example 1 was dissolved in 100 mL of dimethylformamide and 3.3 g (0.14 
mol) of sodium hydride was then added. The resulting mixture was stirred for 30 min, 19.8 g (0.14 
mol) of methyl iodide was then added dropwise, and stirring was continued for 24 hr at room 
temperature. After the reaction was completed, 300 mL of water was stirred into the reaction liquid, 
and the reaction product was extracted with ether. The ether phase was then dried with anhydrous 
magnesium sulfate, and 19.5 g (87.4% yield) of (lR,2S,5R)-2-(2-methoxy-l-methyl ethyl)-5- 
methylcyclohexanol was obtained as a colorless liquid by distilling off the solvent. The compound's 
MS analysis data and NMR data are as follows. 
MS (M/e): 187 (M + 1) 
NMR (CDC 13, ppm): 
0.84—1.01 <8H; 3-Hax, 4-Hax, 7-CH3, 9-CH3) 
1.09—1.68 (5H; 2-H, 3-Heq, 4-Heq, 5-H, 6-Hax) 
1 .92—2.06 (2H; 6-Heq, 8-H) 
3.26—3.71 (6H; 1-H, -OCH2-, -OCH3) 

Embodiment 2. Synthesis of (lR,2S,5R,8R)-2-(2-Methoxy-l-Methyl Ethyl)-5- 
Methylcyclohexanol 

18.0 g of the compound obtained in Embodiment 1 was subjected to column separation using 
1:1:2 ethyl acetate:chloroform:hexane, and 14.3 g (79.7% yield) of (lR,2S,5R,8R)-2-(2-methoxy-l- 
methyl ethyl)-5-methylcyclohexanoI was obtained in the form of a colorless liquid by distilling off the 
solvent. The stereochemical formula, MS analysis data and NMR data are given below. 
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MS (M/e): 187 (M + 1) 
NMR (CDC13, ppra):: 

0.80—1.01 (8H; 7-CH3, 9-CH3, 3-Hax, 4-Hax) 

1.07—1.69 (5H; 2-H, 3-Heq, 4-Heq, 5-H, 6-Hax) 

1.92—2.04 (2H; 8-H, 6-Heq) 

3.27—3.45 (6H; -OCH2-. -OCH3. 1-H) 

3.72 (1H; -OH) 

Embodiment 3. Synthesis of (lR,2S,5R,8R)-2-(2-Methoxy-l-Methyl Ethyl)-5- 
Methykyclohexanol 

Except for the fact that 20.0 g (0.12 mol) of the (lR,2S,5R,8R)-2-(2-hydroxy-l-methyl ethyl)- 
5-methyIcyclohexanol obtained in Reference Example 2 was used as the starting material, the same 
procedure was used as in Example 1, and 19.6 g (90.5% yield) of (lR,2S,5R,8R)-2-(2-methoxy-l- 
methyl ethyl)-5-methylcyclohexanol was obtained as a colorless liquid. The compound obtained was 
identical with that of Embodiment 2. 



Embodiment 4. Synthesis of <lR,2S,5R)-2-(2-Ethoxy-l-Methyl Ethyl)-5-MethyIcyclohexanoi 

20.0 g (0.12 mol) of (lR,2S,5R)-2-(2-hydroxy-l-methyl ethyl)-5-methylcycIohexanoi was 
dissolved in 100 mL of dimethylformamide, and 3.3 g (0.14 mol) of sodium hydride was then added. 
After mixing this mixture for 30 min, 21.8 g (0.14 mol) of ethyl iodide was added dropwise, and 
stirring was continued at room temperature for 24 hr. After the reaction was completed, 300 mL of 
water was added to the reaction liquid and stirring was continued, after which the reaction product 
was extracted with ether. The ether phase was then dried with anhydrous magnesium sulfate, and 20. 1 
g (86.4% yield) of (lR,2S,5R)-2-(2-ethoxy-l-methyl ethyl)-5-methylcyclohexanol was obtained as a 
colorless liquid by distilling off the solvent. The MS analysis and NMR data of the compound 
obtained are as follows. 

MS (M/e): 201 (M + 1) 
NMR (CDC 13, pm): 
0.81—1.03 (8H; 3-Hax, 4-Hax, 7-CH3, 9-CH3) 
1.11—1.69 (8H; 2-H, 3-Heq, 4-Heq, 5-H, 6-Hax, -OCH2CH3) 
1.90— 2.03 (2H; 6-Heq, 8-H) 
3.23—3.68 (5H; 1-H, -OCH2CH-, -OCJH2CH3) 

Embodiment 5. Synthesis of (lR,2S,5R,8R)-2-(2-Ethoxy-l-Methyl Ethyl)-5- 
Methylcylohexanol 

18,0 g of the compound obtained in Embodiment 3 was column-separated using a 1:1:2 ethyl 
acetatexhloroform:hexane mixture, and the solvent was distilled off to obtain 14.9 g (82.7% yield) 
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of (lR,2S,5R,8R)-2-(2-ethoxy-l-methyl ethyl)-5-methylcyclohexanoI as a colorless liquid, 
stereochemical formula and the MS and NMR data of the compound obtained are as follows. 



The 




MS (M/e): 201 (M + 1) 
NMR (CDS 13, ppm): 

0.80—1.01 (8H; 7-CH3, 9-CH3, 3-Hax, 4-Hax) 

1.10—1.68 (8H; 2-H, 3-Heq, 4-Heq, 5-H, 6-Hax, -OCH2CH3J 

1.89—2.03 (2H; 6-Heq, 8-H) 

3.32—3.55 (5H; 1-H, -OCH2-. -OCH2CH3) 

4.14 <1H; -OH) 

Embodiment 6. Synthesis of (lR,2S,5R)-2-(2-Isopropyloxy-l-MethyI Ethyl)-5- 
Methylcydohexanol 

20.0 g (0.12 mol) of (lR,2S ? 5R)-2-(2-hydroxy-l -methyl ethyl)-5-methylcyclohexanol was 
dissolved in 100 mL of dimethoxy ethane, and 3.3 g (0.14 mol) of sodium hydride was added. The 
mixture was stirred for 30 min, after which 23.7 g (0.14 mol) of isopropyl iodide was added, and 
stirring was continued at room temperature for 24 hr. After the reaction was completed, 300 mL of 
water was stirred into the reaction liquid, and the reaction product was then extracted with ether. The 
ether phase was then dried with anhydrous magnesium sulfate to obtain 18.3 g (73.6% yield) of 
(lR,2S,5R)-2-(2-methoxy-l-methyl ethyI)-5-methylcyclohexanol in the form of a colorless liquid. The 
MS analysis and NMR data of the compound obtained are as follows. 
MS (M/e): 215 (M + 1) 
NMR (CDC 13, ppm): 
0.85—1.05 (8H; 3-Hax, 4-Hax, 7-CH3, 9-CH3) 
1.13—1.70 (11H; 2-H, 3-Heq, 4-Heq, 5-H, 6-Hax, -OCH (CH312) 
1.95—2.11 (2H; 6-Heq, 8-H) 
3.19—3.75 (4H; 1-H, -OCH2-. -0£H(CH3)2) 

Embodiment 7. Synthesis of (lR,2S,5R,8R)-2-(2-Isopropyloxy-l-MethyI Ethyl)-5- 
Methylcyclohexanol 

15.0 g of the compound obtained in Embodiment 5 was column-separated using a 1:1:2 ethyl 
acetate:chloroform:hexane mixture, and the solvent was then distilled off to obtain 12.5 g (83.1% 
yield of (lR,2S,5R,8R)-2-(2-isopropyloxy-l-methyl ethyl)-5-methyIcyclohexanol. The stereochemical 
formula, MS analysis and NMR data of the compound obtained are as follows. 
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MS (M/e): 215 (M + 1) 
NMR (CDC 13, ppm): 

0.80—1.03 (8H; 7-CH3, 9-CH3, 3-Hax, 4-Hax) 

1.11—1.68 (11H; -OCH{CH3J2, 2-H, 3-Heq, 4-Heq, 5-H, 6-Hax) 

1.85—2.02 (2H; 6-Heq, 8-H) 

3.33—3.65 (4H; 1-H, -QCH2-. -0£H(CH3)2) 

4.39 (1H; -OH) 

Reference Example 3. Synthesis of Benzyl (lR,2S,5R)-2-Isopropenyl-S-Methy]cyclohexanoI 
Ether (Compound (3a)) 

230 mL of triene, 77.0 g (0.5 mol) of (-)-isopregol and 12.7 g (0.55 mol) of metallic sodium 
were stirred with heating and held at reflux temperature for 18 hr to form a salt. Subsequently, 82.3 
g (0.65 mol) of benzyl chloride was added dropwise over 1 hr and the reaction was conducted for 2 
hr at reflux temperature. After the vessel and its contents were cooled, 300 mL of water was added 
and the organic phase was separated. The organic phase was washed with an aqueous saline solution 
and dried with anhydrous magnesium sulfate, after which the triene was recovered and vacuum 
distillation was performed to obtain 108.6 g (89% yield) of compound (3a). The stereochemical 
formula, boiling point, MS analysis data and NMR data are as follows. 
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b. p. = 118— 121°C/3 mmHg 

MS (M/e): 244 (M + ) 

NMR (CDC13, ppm): 
0.82—1.05 (5H; 3-Hax, 4-Hax, 7-CH3) 
1.21—1.71 (7H; 9-CH3, 3-Heq, 4-Heq, 5-H, 6-Hax) 
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2.02—2.21 (2H; 2-H, 6-Heq) 
3.22—3.35 (1H; 1-H) 
4.39-4.82 (4H; -OCH2C6H5, C=CH2) 
7.18—7.35 (5H; benzene ring) 

Embodiment 8. Synthesis of Benzyl (lR,2S,5R,8R)-2-(2-Hydroxy-l-Methyl Ethyl)-5- 
Methylcyclohexanol Ether (Compound (4a)) 

61 g (0.25 mol) of Compound (3a) obtained in Reference Example 3 and 9.5 g (0.25 mol) of 
sodium borohydride were dissolved in 100 mL of anhydrous THF, after which 31.5 g (0.25 mol) of 
dimethyl sulfate was added dropwise with the temperature controlled so as not to exceed 40°C, and 
mixing was done for 2 hr at room temperature. The reaction liquid was then cooled, and 100 mL of 
water was carefully added dropwise. After this dropwise addition, 100 mL of 3 M NaOH aqueous 
solution was added to the reaction liquid, and 100 mL of 30% hydrogen peroxide was then added with 
the internal temperature controlled so as not to exceed 40°C, and the system was then stirred for 30 
min. Subsequently, the organic phase was separated, and the reaction product was extracted from the 
aqueous phase using 500 mL of n-hexane, after which the organic phase was added. The organic 
phase was washed with water and saturated aqueous table salt solution, dried with anhydrous 
magnesium sulfate, and the solvent was distilled off. The crystals obtained in this way were washed 
with n-hexane to obtain 47.8 g (73% yield) of Compound (4a). The stereochemical formula, melting 
point and MS analysis and NMR data of the compound obtained are as follows. 



m. p. = 82.5— 83.5 °C 
MS (M/e): 262 (M + ) 
NMR (CDC 13, ppm): 

0.82—0.99 (8H; 3-Hax, 4-Hax, 7-CH3, 9-CH3) 

1.12—1.94 (6H; 2-H, 3-Heq, 4-Heq, 5-H, 6-Hax, 8-H) 

2.24 (1H; 6-Heq) 

2.59 (1H; -OH) 

3.22—3.54 (3H; 1-H, -OCH20H) 
4.36—4.70 (2H; -OCH2C6H5) 
: 7.24—7.36 (5H; benzyl ring) 

Embodiment 9. Synthesis of Benzyl (lR,2S,5R,8R)-2-(2-Methoxy-l-Methyl Ethyl)-5- 
Methylcyclohexanol Ether (Compound (5a)) 

An 80 mL DMF solution of 40 g (153 mmol) of Compound (4a) obtained in Embodiment 8 
was added dropwise with ice cooling to 40 mL of a DMF solution of 9.2 g (230 mmol, 60% in oil) 
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sodium hydride. After this dropwise addition, the reaction liquid was stirred for 1 hr, and 32.6 g (230 
mmol) of methyl iodide was added dropwise over 30 min with ice cooling. After the reaction liquid 
had been stirred for 3 hr at room temperature, it was carefully poured into ice water, and the reaction 
product was extracted with hexane. After the organic phase was separated, it was washed with an 
aqueous table salt solution and dried with anhydrous magnesium sulfate, and the solvent was then 
recovered. The residue thus obtained was distilled off under vacuum to obtain 42, 1 g (90% yield) of 
Compound (5a). 

The stereochemical formula, boiling point and MS analysis and NMR data are as follows. 
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b. p. = 188— 191°C/3 mmHg 
MS (M/e): 276 (M + ) 
NMR (CDC 13, ppm): 

0.79—1.72 (13H; 2-H, 3-Hax, 3-Heq, 4-Hax, 4-Heq, 5-H, 6-Hax, 7-CH3, 9-CH3) 

2.13—2.32 (2H;6-Heq, 8-H) 

3.13—3.36 (6H; 1-H, -CH20CH3, -OCH3) 

4.38^.68 (2H; -OCH2C6H5) 

7.21—7.37 (5H; benzene ring) 

Embodiment 10. Synthesis of (lR,2S,5R,8R)-2-(2-Methoxy-l-Methyl Ethyl)-5- 
Methylcyclohexanol (Compound (la)) 

45.0 g (163 mmol) of Compound (5a) obtained in Embodiment 9 was dissolved in 120 mL of 
1 N hydrochloric acid-ethanoi mixture in a pressure bottle, and 2.25 g (5% by weight) 5% palladium- 
carbon was carefully added. The reaction vessel was pressurized with hydrogen gas to 3 kg/cm 2 and 
stirred at room temperature. After 3 hours, with determination of the hydrogen absorption, the 
content of the reaction vessel was restored to ambient pressure and the reaction was stopped. The 
catalyst was filtered off, the solvent was concentrated, and the reaction product was extracted with 500 
mL of ether, then washed with 500 mL of 1 N sodium hydroxide solution. The ether was drained, 
then distilled off under vacuum to obtain 27.9 g (92.0% yield) of (lR,2S,5R,8R)-2-(2-methoxy-l- 
methyl ethyl)-5-methylcyclohexanol (Compound (la)). 

Formulation 1. Lotion 





(wt%) 


ethanol 


59.0 


purified water 


35.0 


propylene glycol 


5.0 


(1R,2S ,5R)-2-(2-methoxy- 1 -methyl 




emyl)-5-methylcyclohexanol 


1.0 
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A cooling agent was prepared with the above formulation. Applied to the skin, it conferred 
a bracing menthol-like coolness. 

Formulation 2. Hair Tonic 





(wt%) 


ethanol 


52.0 


jojoba oil 


0.4 


polyoxyethylene sorbitan laurate 


1.2 


propylene glycol 


1.2 


trichlosan 


0.1 


pigment 


trace 


(lR,2S,5R)-2-(2-methoxy-l-methyl 




ethyI)-5-methylcyclohexanol 


0.5 


purified water 


balance 



A hair tonic was prepared by uniformly mixing the above formulation. When this hair tonic 
was applied to the scalp, a refreshing cooling sensation remained after the cooling effect produced by 
evaporation of the ethanol. 

Formulation 3. Skin Lotion 

(wt%) 



ethanol 20.0 

propylene glycol 5.0 

glycerin 4.5 

methyl paraoxybenzoate 0.1 

fragrance 0.2 

purified water 70.0 
( 1R,2S ,5R)-2-(2-ethoxy-l -methyl 

ethyl)-5-methylcyclohexanol 0.2 



A skin lotion was prepared by mixing the above-listed ingredients. When applied to the skin, 
it conferred a bracing cooling effect to the skin without irritation. 

Formulation 4. Toothpaste 

(wt%) 



calcium hydrogen phosphate 50.0 

carboxymethyl cellulose 1.0 

sodium lauryl sulfate 2.0 

glycerin 25.0 

saccharin 0.2 

fragrance 0.8 
(lR,2S,5R)-2-(2-methoxy-l-methyl 

ethyl)-5-methylcycIohexanol 0.1 

purified water balance 
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A toothpaste was prepared by mixing the above-listed ingredients. When used, it conferred 
a refreshing cooling effect throughout the mouth. 

Formulation 5. Shampoo 

(wt%) 



sodium lauryl sulfate 12.0 

purified water 87.5 
(iR,2S,5R)-2-(2-methoxy-l-methyl 

ethyl)-5^methylcyclohexanol 0.5 



A shampoo was prepared by mixing and dispersing the above-listed ingredients. When this 
shampoo was used, it left a bracing cooling effect on the skin. 

Formulation 6. Cream 





(wt%) 


liquid paraffin 


10.0 


medium chain fatty acid triglycerides 


5.0 


polyethylene glycol monostearate 


3.0 


glycerin 


5.0 


carboxyvinyl polymer 


1.0 


diisopropylamine 


0.4 


methyl paraoxybenzoate 


0.2 


(lR,2S,5R)-2-(2-methoxy-l-methyl 




ethyl)-5-methylcyclohexanol 


2.0 


purified water 


balance 



A cream was prepared by mixing the above-listed components. A refreshing effect was left 
at the place where it was applied to the skin. 

Formulation 7. Ointment 

(wt%) 



white vaseline 76.0 

glycerin monostearate 10.0 

tallow 10.0 

silicone oil 1.0 
(lR,2S,5R)-2-(2-methoxy-l-methyl 

ethyl)-5-methylcyclohexanol 3.0 



An ointment was prepared by mixing the above-listed ingredients. When applied to the skin, 
it conferred a menthol-like cooling effect. 
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Formulation 8. Poultice 

(wt%) 



gelatin 5.0 

sorbitol 10.0 

carboxymethyl cellulose 3.5 

glycerin 25.0 

kaolin 7.0 

sodium polyacrylate 3.0 
(lR,2S,5R)-2-(2-methoxy-l-methyl 

ethyl)-5-methylcyclohexanol 0.5 

purified water 46.0 



A poultice was prepared by mixing the above-listed components while heating to form a paste, 
which was then spread onto a cloth. The product had the same cooling on the skin effect as menthol. 

Formulation 9. Poultice 





(wt%) 


gelatin 


6.0 


polyvinyl alcohol 


3.5 


methoxyethylene-anhydrous maleic acid 




copolymer 


2.5 


glycerin 


30.0 


kaolin 


5.0 


sodium polyacrylate 


2.0 


(lR,2S,5R)-2-(2-isopropyloxy-l-methyl 




ethyl)-5-methylcyclohexanol 


0.5 


purified water 


50.0 



A poultice was prepared by mixing the above-listed components while heating to form a paste, 
which was then spread onto a cloth. The product had the same cooling on the skin effect as menthol. 

Formulation 10. Lotion 

(wt%) 



ethanol 59.0 

purified water 35.0 

propylene glycol 5.0 
(1R,2S ,5R,8R)-2-(2-methoxy-l -methyl 

ethyI)-5-methylcyclohexanoI 1 .0 



A cooling agent was prepared with the above formulation. Applied to the skin, it conferred 
a bracing menthol-like coolness. 
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Formulation 11. Hair Tonic 

(wt%) 



ethanol 52.0 

jojoba oil 0.4 

polyoxy ethylene sorbitan laurate 1 .2 

propylene glycol 1.2 

trichlosan 0.1 

pigment trace 
(lR,2S,5R,8R)-2-(2-methoxy-l-methyl 

ethyl)-5-methylcyclohexanol 0.5 

purified water balance 



A hair tonic was prepared by uniformly mixing the above formulation. When this hair tonic 
was applied to the scalp, a refreshing cooling sensation remained after the cooling effect produced by 
evaporation of the ethanol. 

Formulation 12. Skin Lotion 

(wt%) 



ethanol 20.0 

propylene glycol 5.0 

glycerin 4.5 

methyl paraoxybenzoate 0.1 

fragrance 0.2 

purified water 70.0 
(lR,2S,5R,8R)-2-(2-ethoxy-l-methyl 

ethyl)-5-methylcyclohexanol 0.2 



A skin lotion was prepared by mixing the above-listed ingredients. When applied to the skin, 
it conferred a bracing cooling effect to the skin without irritation. 

Formulation 13. Toothpaste 

(wt%) 



calcium hydrogen phosphate 50.0 

carboxymethyl cellulose 1.0 

sodium lauryl sulfate 2.0 

glycerin 25.0 

saccharin 0.2 

fragrance 0.8 
( 1R.2S , 5R, 8R)-2-(2-methoxy- 1 -methyl 

ethyl)-5-methylcyclohexanol 0.1 

purified water balance 



A toothpaste was prepared by mixing the above-listed ingredients. When used, it conferred 
a refreshing cooling effect throughout the mouth. 
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Formulation 14. Shampoo 

(wt%) 



sodium lauryl sulfate 12.0 

purified water 87.5 
(lR,2S,5R,8R)-2-(2-methoxy-l-methyl 

ethyl)-5-methylcyclohexanol 0.5 



A shampoo was prepared by mixing and dispersing the above-listed ingredients. When this 
shampoo was used, it left a bracing cooling effect on the skin. 

Formulation 15. Cream 





(wt%) 


liquid paraffin 


10.0 


medium chain fatty acid triglycerides 


5.0 


polyethylene glycol monostearate 


3.0 


glycerin 


5.0 


carboxyvinyl polymer 


1.0 


diisopropylamine 


0.4 


methyl paraoxybenzoate 


0.2 


(lR,2S,5R,8R)-2-(2-methoxy-l-methyl 




ethyI)-5-methylcyclohexanol 


2.0 


purified water 


balance 



A cream was prepared by mixing the above-listed components. A refreshing effect was left 
at the place where it was applied to the skin. 

Formulation 16. Ointment 

(wt%) 



white vaseline 76.0 

glycerin monostearate 10.0 

tallow 10.0 

silicone oil 1.0 
(lR,2S,5R,8R)-2-(2-methoxy4-methyI 

ethyl)-5-methylcyclohexanol 3.0 



An ointment was prepared by mixing the above-listed ingredients. When applied to the skin, 
it conferred a menthol-like cooling effect. 
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Formulation 17. Poultice 

(wt%) 



gelatin 5.0 

sorbitol 10.0 

carboxymethyl cellulose 3.5 

glycerin 25.0 

kaolin 7.0 

sodium polyacrylate 3.0 
( 1R,2S , 5R,8R)-2-(2-methoxy- 1 -methyl 

ethyl)-5-methylcyclohexanoI 0.5 

purified water 46.0 



A poultice was prepared by mixing the above-listed components while heating to form a paste, 
which was then spread onto a cloth. The product had the same cooling on the skin effect as menthol. 

Formulation 18. Poultice 





(wt%) 


gelatin 


6.0 


polyvinyl alcohol 


3.5 


methoxyethylene-anhydrous maleic acid 




copolymer 


2.5 


glycerin 


30.0 


kaolin 


5.0 


sodium polyacrylate 


2.0 


(lR,2S,5R,8R)-2-(2-isopropyloxy-l-methyl 




ethyl)-5-methylcycIohexanoI 


0.5 


purified water 


50.0 



A poultice was prepared by mixing the above-listed components while heating to form a paste, 
which was then spread onto a cloth. The product had the same cooling on the skin effect as menthol. 

Formulation 19. Poultice 





(wt%) 


gelatin 


6.0 


polyvinyl alcohol 


3.5 


methoxyethylene-anhydrous maleic acid 




copolymer 


2.5 


glycerin 


30.0 


kaolin 


5.0 


sodium polyacrylate 


2.0 


(lR,2S,5R,8R)-2-(2-ethoxy-l-methyl 




ethyl)-5-methylcycIohexanol 


0.5 


purified water 


50.0 
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A poultice was prepared by mixing the above-listed components while heating to form a paste, 
which was then spread onto a cloth. The product had the same cooling on the skin effect as menthol. 

Reference Example 1. Poultice 





(wt%) 


gelatin 


5.0 


sorbitol 


10.0 


carboxymethyl cellulose 


3.5 


glycerin 


25.0 


kaolin 


7.0 


sodium polyacrylate 


3.0 


L-menthol 


0.5 


crotamiton 


1.0 


purified water 


45.0 



A poultice was prepared by mixing the above-listed ingredients while heating to form a paste, 
which was spread on a cloth. Crotamiton was used as a solubilizer for the L-menthol in this example. 

Reference Example 2. Poultice 





(wt%) 


gelatin 


5.0 


sorbitol 


10.0 


carboxymethyl cellulose 


3.5 


glycerin 


25.0 


kaolin 


7.0 


sodium polyacrylic acid 


3.0 


L-menthol 


0.5 


purified water 


46.0 



A poultice was prepared by mixing the above-listed ingredients while heating to form a paste, 
which was applied to a base cloth. Except for the fact that crotamiton, a solubilizer for L-menthol 
was not used, the composition of this reference example is the same as that of Reference Example 1. 

Reference Example 3. Cream 

(wt%) 

10.0 
5.0 
3.0 
5.0 
1.0 
0.4 
0.2 

2.0 
balance 
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liquid paraffin 

medium chain fatty acid triglycerides 

polyethylene glycol monostearate 

glycerin 

carboxyvinyl polymer 
diisopropylamine 
methyl paraoxybenzoate 
L-menthol 
purified water 



A cream was prepared by mixing the above-listed components. Except for the fact that L- 
menthol was used instead of (lR,2S,5R,8R)-2-(2-methoxy-l-methyl ethyl)-5-methylcyclohexanol, this 
reference cream was the same as that of Formulation Example 15. 

Test Example 1 

The physiological cooling effect of 2-(2-methoxy-l-methyl ethyI)-5-methylcyclohexanol in a 
0.01 % petroleum ether solution was tested by applying it to the tips of the tongues and to the forearms 
of 10 healthy adult males. As a standard, a 0.01% petroleum ether solution of L-menthol was used. 
The results are shown in Table 1 . The physiological cooling effect was rated on the following scale: 
+ + + extremely strong cooling effect perceived 
+ + strong cooling effect perceived 
+ cooling effect perceived 

cooling effect not perceived 



Table 1 



Cooling Agent Sample 


Cooling Effects 
on the Tongue 


Cooling Effects on the 
Inside Skin of the Forearm 


2-(2-methoxy-l-methyl 
ethyl)-5-methylcyclohexanol 
(Embodiment 2) 


+ + + 


+ + 


L-menthol 


+ + + 


+ + 



As is evident from the results shown in Table 1, the inventive 2-(2-methoxy-l -methyl ethyl)-5- 
methylcyclohexanol had the same adequate cooling action as L-menthol on both the tip of the tongue 
and the skin. 

Test Example 2 

The physiological cooling effects and scents of the poultices of Formulation 8, 17, 18, 19 and 
Reference Example 1 were tested by applying these to the dorsal region of the forearms of 26 healthy 
male subjects. The ratings were made by testing the items listed in the following. The results are 
shown in Table 2. The procedure used for evaluation was to have the subjects use the following scale 
to report the pertinent test results for the various test items. 

Test Items and Scale of Test Results 



a) intensity of cooling 

strong cooling — — — 3 

little cooling 2 

no cooling 1 

b) durability of cooling 

over 3 hours 3 

less than 3 hours 2 

less than 1 hour 1 
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c) speed of cooling 

within 5 min 3 

within 5-10 min 2 

over 10 min 1 

d) intensity of odor 

strong odor 3 

weak odor — 2 

no odor 1 



The number of points assigned by the subjects' ratings for the 4 items listed above were totaled 
to obtain the averages for the 26 subjects in each item as shown in Table 2. 



Table 2 



Sample 


Items Tested 


Intensity of 
Cool Sensation 


Duration of 
Cool Sensation 


Speed of Onset of 
Cool Sensation 


Intensity 
of Odor 


Formulation 8 
Poultice 


2.9 


2.9 


2.8 


1.1 


Formulation 17 
Poultice 


2.9 


3.0 


2.9 


1.1 


Formulation 18 
Poultice 


2,8 


3.0 


2.7 


1.1 


Formulation 19 
Poultice 


2.8 


3.0 


2.8 


1.1 


Reference Example 1 
Poultice 


2.9 


2.5 


2.5 


2.9 



As we see from the results in Table 2, the poultice containing the inventive 2-(2-alkoxy-l- 
methyl ethyl)-5-methylcyclohexanol had a cooling effect equivalent to that of the L-menthol-containing 
poultice but had practically no odor. 



Test Example 3 

The poultices obtained in Formulation 8, 18, 19 and Reference Example 2 were stored at 5°C 
and investigated for crystallization with elapsing time. The results are shown in Table 3. 
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Table 3 



Sample 


Time Elapsed 


start 


1 day 


3 days 


7 days 


14 days 


Formulation 8 
Poultice 


O 


O 


O 


O 


O 


Formulation 18 
Poultice 


O 


O 


O 


O 


O 


Formulation 19 
Poultice 


O 


O 


o 


o 


O 


Reference Example 2 
Poultice 


O 


O 


X 


X 


X 



O : no crystallization observed 
X: crystallization observed 



As shown by the results in Table 3, while the L-menthol eventually crystallized in the poultice 
of Reference Example 2 which contained L-menthol as a cooling agent but had no solubilizer added, 
the inventive 2-(2-alkoxy-l -methyl ethyl)-5-methylcyclohexanol alone remains stable in dissolved form 
in the base, and consequently, the poultice containing the inventive cooling agent remained stable for 
an extended time period even without the addition of solubilizer. 

Experimental Example 4 

The creams of Formulation Example 15 and Reference Example 3 were applied to the facial 
skin of 20 subjects and tested comparatively for physiological cooling effects and odor. The items 
listed below were tested and rated. The results are shown in Table 4. The evaluation procedure was 
based on a 5-point rating of each test item according to the following 5-point scale. 

Test Items, Distribution of Test Results and Scores 



a) potency of cooling action 

cooling to the point of painfulness 5 

strong cooling action 4 

appropriate cooling action 3 

weak cooling action ...... 2 

no cooling action 1 

b) duration of cooling effect 

over 1 hr ....... 5 

over 30 min ...... 4 

over 10 min 3 

over 5 min 2 

only initial effect 1 
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c) strength of odor 

so strong it irritates the eyes 5 

strong odor 4 

has odor 3 

faint odor 2 

no odor 1 



Table 4 shows the averages of the various test items for 20 subjects based on the total scores 
for 4 items [sic]. 



Table 4 



Sample 


Test Item 


Strength of 
Cooling Action 


Duration of 
Cooling Action 


Strength of 
Odor 


cream of Formulation 15 


4.0 


4.8 


1.6 


cream of Reference Example 3 


4.2 


3.5 


4.7 



As shown by the results in Table 4, the cream containing the inventive (lR,2S,5R,8R)-2-(2- 
methoxy-1 -methyl ethyl)-5-methylcyclohexanol had almost the same cooling action as the L-menthol- 
containing cream but was superior in terms of duration and odor. 



Industrial Utility 

The inventive 2-(2-alkoxy-l -methyl ethyl)-5-methylcyclohexanbl has excellent properties, 
producing an adequate physiological cooling effect on both the oral mucosae and the skin but with 
virtually no odor in comparison to L-menthol, and remaining stably dissolved in various bases without 
the addition of solubilizer. 

Thus, the use of the inventive cyclohexanol derivative produces, with virtually no odor, an 
adequate cooling action on the skin, etc, and affords a cooling agent with excellent duration and rapid 
onset of action. 

Further, the addition of the inventive cyclohexanol derivative to pharmaceutical products such 
as ointments, creams, gels, lotions, ready-made poultices, tapes and internal medicines; cosmetics such 
as powders, hair tonics, shampoos and lipsticks; oral hygiene agents such as toothpastes; and foods 
and beverages such as c hewing gum, candy, frozen desserts and soft drinks affords an inventive 
cooling composition without odor and with a refreshing cooling action. 

Further, the particularly preferred cyclohexanol derivative (lR,2S,5R,8R)-2-(2-methoxy-l- 
methyl elhyl)-5-methylcyclohexanol can be manufactured alone with high efficiency by a simple 
process using (-)-isopregol as the starting material by the inventive method. Thus, the inventive 
method is an industrially extremely advantageous method for manufacturing the inventive cyclohexanol 
derivative. 

Further, in addition to the efficient manufacture of the inventive cyclohexanol derivative by 
the above-described inventive method, the inventive benzyl cyclohexanol derivative is an extremely 
useful intermediate. 
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Claims 

1. Cyclohexanol derivative with the following general formula (1) 




(1) 



where R is a linear or branched alkyl with a carbon number of 1-5. 

2. Physiological cooling agent containing the cyclohexanol derivative described in Claim 1. 

3. Physiological cooling composition containing the cyclohexanol derivative described in Claim 

4. Cyclohexanol derivative with the following general formula (la) 



(la) 



where R is a linear or branched alkyl with a carbon number of 1-5. 

5. Method for manufacturing a cyclohexanol derivative of general formula (la) 





(la) 



where R is a linear or branched alkyl with a carbon number of 1-5, characterized by the fact that (-> 
isopregol of the following formula (2a) 




(2a) 



is reacted with a benzyl halide in the presence of metallic sodium or sodium hydride to produce a 
compound of the following formula (3a) 
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after which said compound (3a) is subjected to hydroboration to produce a compound of the following 
formula (4a) 




after which said compound (4a) is alkylated by an alkylating agent in the presence of a base to form 
a compound of the following general formula (5a) 




where R is a linear or branched alkyl with a carbon number of 1-5, and said compound (5a) is 
catalytically hydrogenated in the presence of a debenzylating agent. 

6. Benzyl cyclohexyl ether derivative of the following general formula (6a) 




where X is H or a linear or branched alkyl with a carbon number of 1-5. 
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